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Twelve patients with a posteroseptal accessory pathway
underwent completeelectrophysiologic studies, and four
were found to have a second atrioventricular (AV) by-
pass tract that was right anterior, right anteromedial or
right anterolateral in location. In two of these four pa-
tients, the presence of the right-sided AV bypass tract
was confirmed by intraoperative epicardial mapping or
after catheter-induced abolition of retrograde conduc-
tion through the posteroseptal bypass tract.
In three of the four patients with a dual AV bypass
tract, the delta wave pattern was clearly atypical of the
pattern seen with an isolated posteroseptal accessory
pathway. Instead of a transition from an isoelectric or
slightly positive delta wave in lead Vito markedly pos-
itive delta waves in leads V2 to V6, the delta waveswere
The presence of multiple atrioventricular (AV) bypass tracts
is an unusual finding in patients who have an accessory
pathway. Gallagher et al. (l) reported the occurrence of two
distinct AV bypass tracts in only 5 (3.7%) of 135 patients
with the pre-excitation syndrome. We were, therefore, sur-
prised to find a 33% incidence rate of a second right-sided
bypass tract in patients with a posteroseptal accessory path-
way. This study reports on the apparent association between
posteroseptal and right-sided bypass tracts, and describes
the electrocardiographic findings that should raise the sus-
picion of a second bypass tract in patients who have a
posteroseptal accessory pathway. An association between
posteroseptal and right-sided bypass tracts has been de-
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negativeor only slightly positive in leads V2 to Vs. How-
ever, in a fourth patient with dual AV bypass tracts, the
only atypical electrocardiographic finding was an inter-
mittently positive delta wave in lead II; at times this
patient's electrocardiogram was consistent with an iso-
lated posteroseptal bypasstract, with negative delta waves
in the inferior leads.
There appears to be an association between postero-
septal and right-sided accessory pathways. In patients
with a posteroseptal accessory pathway who are candi-
dates for catheter or surgical bypass tract ablation, a
complete mapping study of the tricuspid anulus is man-
datory, even when the electrocardiogram is typical of
an isolated posteroseptal bypass tract.
(J Am Coli CardioI1985;5:640-6)
scribed previously (2), but only in patients with Ebstein's
anomaly.
Methods
Patients studied. Twelve consecutive patients with a
posteroseptal accessory pathway underwent complete elec-
trophysiologic studies at the University of California in San
Francisco from January 1979 to June 1984, and at the Uni-
versity of Michigan in Ann Arbor from July to September
1984. Ten patients had Wolff-Parkinson-White syndrome
and two had recurrent AV reciprocating tachycardia incor-
porating a concealed posteroseptal bypass tract. Their mean
age was 43 years (range 15 to 73); nine were male and three
were female. None had Ebstein's anomaly.
Electrophysiologic testing protocol. Electrophysio-
logic studies were performed in the fasting unsedated state
after obtaining informed written consent from the patient.
All antiarrhythmic drugs were discontinued at least four
half-lives before the study. Three quadripolar electrode cath-
eters were inserted percutaneously into a femoral vein and
positioned against the high right atrium and right ventricular
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Figure 1. Illustration of the bipolar electrode catheter used to
record atrial electrograms in the region of the tricuspid anulus.
The tip of the catheter is positioned sequentially against various
areas of the anulus under fluoroscopic guidance with a Brocken-
broughstylet. The catheter is shown in the posteriorposition (solid
lines) and the medial position (dashed lines).
apex and across the tricuspid valve. A quadripolar or hex-
apolar electrode catheter was inserted percutaneously into
a subclavian vein and positioned within the coronary sinus.
Electrocardiographic leads V I, I and III and the intracardiac
electrograms were displayed simultaneously on an oscillo-
scope and recorded at a paper speed of 100 to 250 mmls
using an Electronics for Medicine VR-12 recorder. Pro-
grammed stimulation was performed with a programmable
stimulator (Bloom Associates).
Orthodromic AV reciprocating tachycardia was induced
in all patients by programmed atrial or ventricular stimu-
lation. Bypass tract localization was accomplished by as-
sessment of the retrograde atrial activation sequence ac-
cording to the method described by Gallagher et al. (3).
Atrial electrograms during orthodromic tachycardia were
recorded at the os of the coronary sinus and at the proximal,
mid and distal portions of the coronary sinus by positioning
the electrode catheter under fluoroscopic guidance. Atrial
electrocardiograms were recorded at the medial, antero-
medial, anterior, anterolateral, lateral, posterolateral, pos-
terior and posteromedial portions of the tricuspid anulus
using a 100 cm bipolar, single lumen catheter with a Brock-
enbrough stylet (Elecath) under fluoroscopic guidance (Fig.
I) .
Bypass tracts were designated as being posteroseptal
when the earliest retrograde atrial activation during recip-
rocating tachycardia was recorded at the os of the coronary
sinus. In 4 of the 12 patients, the results of mapping in the
electrophysiology laboratory were confirmed by epicardial
and endocardial mapping at the time of surgical bypass tract
ablation. In six patients, endocardial mapping was per-
formed in the electrophysiology laboratory before and after
attempted catheter ablation of the posteroseptal bypass tract.
Posteroseptal accessory pathway ablation by the catheter
technique has been described in a previous report (4).
Results
Results of mapping studies. In II of the 12 patients,
the earliest atrial activation during AV reciprocating tachy-
cardia was recorded at the os of the coronary sinus, where
the ventriculoatrial conduction time ranged between 65 and
130 ms. In one patient (Patient 2, Table I), the shortest
ventriculoatrial conduction time (lOS ms) was recorded at
the anteromedial portion of the tricuspid anulus, and the
Table 1. Ventriculoatrial Conduction Times During Atrioventricular Tachycardia in Four
Patients With Posteroseptal and Right-Sided BypassTracts
Ventriculoatrial Conduction Time (ms)
Atrial Location Patient I Patient 2 Patient 3 Patient 4
Low septal right atrium 120 140 170 140
Coronary sinus
as 110 115 130 100
Proximal 120 125 155 114
Mid 130 140 165 140
Distal 140 150 165 154
Right atrium (tricuspid anulus)
Medial 188 130 145 147
Anteromedial 174 105 135 140
Anterior 115 125 130 127
Anterolateral 147 135 135 114
Lateral 154 168 140 154
Posterolateral 150 184 ND 147
Posterior 147 172 170 147
ND = not determined.
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next shortest conduction time (115 ms) was recorded at the
os of the coronary sinus. In 8 of the 12patients, endocardial
mapping revealed no evidence of a second bypass tract.
These patients were believed to have only a posteroseptal
bypass tract. This was confirmed in three patients at the
time of surgical bypass tract ablation and in another four
patients by the absence of anterograde or retrograde pre-
excitation after ablation of the posteroseptal accessory path-
way by the catheter technique.
In 4 of the 12 patients, mapping studies were consistent
with the presence of a second bypass tract that was either
right anterior, right anteromedial or right anterolateral in
location. Ventriculoatrial conduction times during ortho-
dromic tachycardia measured at various locations in the
coronary sinus and right atrium are shown in Table I. In
each patient, the retrograde atrial activation sequence re-
mained unchanged during repeated inductions of ortho-
dromic tachycardia.
Attempts at catheter ablation. Because of failure to
respond to medical treatment, Patients I and 3 consented
to undergo attempted catheter ablation of the posteroseptal
bypass tract; although they had been informed that they
probably had two accessory pathways, they hoped the pro-
cedure would alleviate symptoms or improve the response
to drug therapy, or both. After the attempt at catheter abla-
tion, the delta wave pattern was unchanged in Patient 1 and
there was a loss of negativedelta waves in the inferior leads
in Patient 3. Although AV reciprocating tachycardia was
still inducible in both patients, there was a marked change
in the retrogradeatrial activationsequence, with the shortest
ventriculoatrial conduction time being recorded in the an-
terior region of the tricuspid anulus, and the coronary sinus
atrial electrogram occurring late (Fig. 2). In both patients,
an identical pattern of eccentric atrial activation was ob-
served during right ventricular pacing. These findings were
consistent with participation of the right-sided bypass tract
in the tachycardia circuit. In Patient I there was apparent
retrograde block but persisting anterograde conduction in
the posteroseptal bypass tract. Direct intraoperative epicar-
dial mapping in Patient 3 confirmed the successful ablation
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Figure 2. Patient I. A, Atrioventricular (AV) re-
ciprocating tachycardia ( cycle length 260 ms). From
top to bottom are leads V I, J and III, the high
lateral right atrial electrogram (HRA), the His bun-
dle electrogram (HBE) and intracardiac electro-
grams recorded in the proximal coronary sinus (Prox
CS) and at the os of the coronary sinus (CS"s). The
earliest atrial activation during the tachycardia was
recorded in the os of the coronary sinus (ventri-
cuJoatrial conduction time 110 ms), consistent with
retrograde conduction over a posteroseptal bypass
tract. The dashed line marks the onset of ventricular
activation, and the numbers adjacent to the atrial
electrograms represent the corresponding ventri-
culoatrial conduction times. B, After attempted
catheter ablation of the posteroseptaJ bypass tract,
AV reciprocating tachycardia (cycle length 345 ms)
could still be induced ; however, the pattern of ret-
rograde atrial activation was markedly different.
The earliest atrial activation was recorded at the
anterior right atrium (Ant RA) (ventriculoatrial con-
duction time 115 ms). The ventriculoatrial conduc-
tion time measured at the os of the coronary sinus
increased to 245 ms. An identical pattern of eccen-
tric atrial activation was observed during right ven-
tricular pacing , consistent with abolition of retro-
grade conduction through the posteroseptal bypass
tract and participation of a right anterior bypass tract
in the tachycardia circuit . The low septal atrial elec-
trogram (LSA) was recorded from the same catheter
used to record the His bundle electrogram in panel
A; however, a His bundle depolarization (H) was
not recorded. A = atrial deflection . Time lines
represent I second intervals.
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of the posteroseptal accessory pathway and the presence of
a right anterior accessory pathway.
Patients 2 and 4 have been treated on a long-term basis
with procainamide and propranolol and have not had symp-
tomatic tachycardia.
Electrocardiographic findings. Among the eight pa-
tients who had an isolated posteroseptal bypass tract, two
had a concealed bypass tract and no evidence of ventricular
pre-excitation on the 12 lead electrocardiogram. In the other
six patients with an isolated posteroseptal bypass tract, the
electrocardiogram demonstrated ventricular pre-excitation,
and the delta wave pattern was typical of that seen with
posteroseptal bypass tracts (Fig. 3) (5). There was a tran-
sition from an isoelectric or slightly positive delta wave in
lead VI to a markedly positive delta wave in leads V2 to
V6, markedly positive delta waves in leads I and aVL and
negative delta waves in the inferior leads.
In the four patients who had dual bypass tracts. the delta
wave pattern was not typical of that seen with an isolated
posteroseptal bypass tract. In Patient 1, serial electrocar-
diograms recorded over a period of several years at times
showed a negative delta wave in lead II and at other times
a positive delta wave (Fig. 4). In Patients 2 and 4, the delta
wave in leads V2 to V5 was only slightly positive (Fig. 5).
In Patient 3, the delta wave in leads V I and V2 was negative
(Fig. 6).
Discussion
Incidence and confirmation of dual bypass tracts. The
33% incidence rate of dual atrioventricular (AV) bypass
tracts in this series of patients is markedly higher than the
3.7% incidence rate reported previously (I) and would seem
to indicate an association between posteroseptal and right-
sided bypass tracts. This association has been reported pre-
viously (5) only in patients with Ebstein's anomaly.
Because of inherent limitations in the accuracy of catheter
mapping studies, it is conceivable that an inaccurate map-
ping study could lead to the incorrect conclusion that a
patient had two bypass tracts. Therefore, it is important to
note that in two of the four patients thought to have two
bypass tracts, the presence of the right-sided bypass tract
was proved by direct intraoperative epicardial mapping or
a marked change in the pattern of eccentric retrograde atrial
activation, or both, during reciprocating tachycardia, and
ventricular pacing after retrograde block of the posteroseptal
bypass tract was induced by the catheter technique.
The other two patients (Patients 2 and 4) thought to have
dual bypass tracts were treated medically, and therefore the
results of catheter mapping could not be confirmed at the
time of surgical ablation or after catheter ablation of the
posteroseptal accessory pathway. However, in these two
patients, the two earliest sites of retrograde atrial activation
during orthodromic tachycardia were reproducibly found to
be at the os of the coronary sinus and either the anteromedial
or anterolateral right atrium. This pattern is not compatible
with retrograde conduction through a single accessory
pathway.
Electrocardiographic findings. In three of the four pa-
tients who had dual bypass tracts, the 12 lead electrocar-
diogram demonstrated a pattern of delta waves that was
clearly different from the pattern characteristically seen in
patients with an isolated posteroseptal bypass tract. The
electrocardiograms in these three patients consistently showed
negative or only slightly positive delta waves in leads V2
through V5, rather than markedly positive delta waves and
tall R waves in leads V2 through V6. This pattern can be
explained by an anterior to posterior spread of ventricular
activation due to pre-excitation through the right anterior
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bypass tract. However, in one patient (Patient I), the
electrocardiographic finding that suggested the presence of
a second bypass tract was relatively subtle and present only
intermittently (Fig. 4). The changing delta wave pattern was
presumably due to varying degrees of pre-excitation through
the right-sided bypass tract. This case highlights the im-
portance of performing a complete evaluation of retrograde
atrial activation during e1ectrophysiologic testing in patients
with a posteroseptal bypass tract, even when the electro-
cardiogram is consistent with an isolated posteroseptal by-
pass tract.
Review of prior reports. The association between pos-
teroseptal and right-sided accessory pathways may not have
been recognized in the past in patients with Ebstein's anom-
aly because of the paucity of reports with detailed results
of mapping studies in patients with posteroseptal accessory
pathways. Although Gallagher et al. (6) reported that mul-
tiple accessory pathways were found in 12% of a group of
200 patients selected to undergo surgical accessory pathway
ablation, the incidence of dual bypass tracts in the subgroup
of the 56 patients who had a posteroseptal accessory pathway
was not reported. Except for the present report and the report
by Smith et al. (5), there have been no other large-scale
studies of patients with posteroseptal accessory pathways in
which bypass tract localization was performed in a system-
atic fashion.
It is interesting to note that although several prior reports
(l ,7-15) have documented that patients with Wolff-Parkin-
son-White syndrome may have two or more distinct path-
ways, the combination of a posteroseptal and right-sided
II AVL
Figure 4. Patient I. Although on some
electrocardiograms the delta wave pattern
was consistent with an isolated postero-
septal accessory pathway (A), at other A
times the delta wave in lead II was pos-
itive (B). This patient had both a poster-
oseptal and right anterior bypass tract.
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Figure5. Patient 2. Electrocardiogram
of a patientwho hadboth a posteroseptal
and a right anteromedial bypass tract.
Notetheonlyslightly positive deltawaves
in leads V2 to V5. Patient 4, who had a
posteroseptal and right anterolateral by-
pass tract, had an electrocardiogram very
similar to this one.
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Figure 6. Patient 3. Electrocardiogram
of a patient who had both a posteroseptal
and right anterior bypass tract. Note the
negative delta waves in leads VI and V2
and the only slightly positive delta wave
in lead V3•
bypass tract has been reported previously (I) in only one
patient without Ebstein' s anomaly. However, in the majority
of these prior reports, mapping studies either were not per-
formed or were performed in a limited fashion, with no
attempt to distinguish posteroseptal from left free wall ac-
cessory pathways. The lack of detailed mapping studies may
be responsible for the failure to recognize the coexistence
of a posteroseptal and right-sided bypass tract in prior reports
of patients with dual accessory pathways without Ebstein's
anomaly.
Conclusions. There appears to be an association be-
tween posteroseptal and right-sided accessory pathways. The
electrocardiogram should be analyzed for clues suggesting
dual pathways. Our findings emphasize the importance of
performing a complete evaluation of the retrograde atrial
activation sequence in patients with a posteroseptaI bypass
tract who are candidates for accessory pathway ablation.
Particular attention should be focused on activation of the
anterior, anteromedial and anterolateral portions of the tri-
cuspid anulus.
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